An experimental study was conducted on the flow of aqueous solutions of detergent through mesh screens to mimic cloth washing. Pressure losses across the mesh screens were measured for water, dilute polymer and several aqueous detergent solutions. A reduction of pressure losses was observed for the flow of aqueous solutions of low molecular weight surfactants such as Laurylether (AE), Laurylbenzene-sulfonic acid-sodiumsalt (LAS), Benzalkonium-chloride (BC) Sodium-dodecyl-sulfate (SDS), and Hexadecyltrimetyl-ammonium-bromide (CTAB), but not for the high molecular weight polymers like Polyethylene-oxide (PEO18) and Polyacrylamide (PAA), through mesh screens. A flow visualization experiment was carried out to observe the flow pattern upstream and downstream of the mesh screen. Photographic images revealed that, instead of an expected large converging flow from the upstream section into the screen opening as in orifice flow, the bulk of the liquid entering the screen aperture took the form of a liquid column of similar diameter as the inlet tube. Based on this observation, a flow model, which led to a new set of definitions of Reynolds number and drag coefficient, was proposed. Good correlations of drag coefficient and Reynolds number were obtained for all test solutions, and the drag reduction phenomenon was manifested for detergent aqueous solutions.
INTRODUCTION
Excessive consumption of detergent in daily life is a major environmental concern. As a result, many industrial researches are aimed on better product formulation and effective usage of detergent. To date, most studies have been focused on the chemical effects of detergent, with very little attention on the effect of mechanical factors including the flow through fabric.
Among the mechanical factors, the force of adhesion between submicron particles and substrate has been measured by Visser 1) using a shear flow device or an elect-osmotic flow device by Gotoh, et al. 2) Other factors such as the effects of shearing 3) , bending and friction on clothes 4) , as well as the penetrating flow of detergent through clothes 5, 6) have also been investigated. Amaki, et al 7) measured the drag caused by solutions of low molecular surfactants (detergents) flowing over thin wires attached on a flat plate. The measured drag was found to be lower for low molecular detergents but higher for dilute polymer solutions than for water. Watanabe, et al 8) carried out a numerical analysis for this kind of flow using a viscoelastic constitutive equation and found that fluid elasticity decreased the drag only slightly but caused a huge reduction in lift. However, the effect of surfactant solutions on detergency is not clarified from a viewpoint of fluid mechanics yet.
In the present study, measurements of pressure drops are conducted on the flow of aqueous solutions of detergent through mesh screens, mimicking the flow behavior in cloth washing.
Pressure losses are compared with those measured with water and dilute solutions of high molecular weight polymers. A flow model is proposed to explain the drag reduction phenomenon observed for detergent solutions. Finally we mention the kinematic effect of surfactant solutions in cloth washing. Figure 1 shows the detail of the experimental channels used.
EXPERIMENTAL
A mesh screen was spanned in the midst of the channel, normal to the flow direction, and the pressure differential as a function of flow rate was measured between upstream and downstream positions across the screen mesh using a pressure gauge (Tsukasa Sokken PZ-77, Japan). The average pressure error was found to be within ±5 %. Table I .
Viscosities of the liquids η were measured using a capillary viscometer at room temperature. It can be seen in 
RESULTS AND DISCUSSION
Experimental solutions, and is also observed for water ( Fig. 5(a) ), although its effect is small. Furthermore, the concentration 10 ppm is high enough to generate drag reduction in turbulent pipe flows. 9,10,11) On the PAA 10 ppm solution, the large pressure loss shown in Fig. 6 is thought to be caused by the elastic stress or some vortices generated upstream of the mesh screen. :
where U is the mean velocity of the flow approaching the screen, d is the diameter of the thread weaving the screen of the square mesh and ν is the kinematic viscosity of the liquid.
The following experimental correlation for air between (Re) d
and K was proposed 14, 15) :
An attempt was made to correlate the present experimental results using Eq. The experimental results shown in Fig. 9 are re-plotted in Fig. 11 using the modified Reynolds number and drag coefficient given by Eqs. (9) and (10) 
(8) been reported by several papers. 16, 17, 18) We see also in the figures that h increases suddenly beyond the critical Reynolds number, independent of the number of threads and the screen area S, although the critical Reynolds number is still slightly dependent on S. It appears that the proposed flow model is adequate for the flow of dilute solutions through mesh screens.
It is also interesting to note, by comparing Figs. 11(b) and (c) with Fig. 11(a) 
Drag Reduction Mechanisms
There have been many studies, both theoretical and experimental, on drag reduction in turbulent pipe flow using polymer additives. A comprehensive review on this subject can be found in a recent paper by Min, et al. 19) However, the drag reduction phenomenon observed in the present study clothing threads, as a result to its drag-reducing characteristic.
